This study was conducted to evaluate the long-term performance of an aerobic membrane bioreactor (MBR), treating TFT-LCD wastewater containing dimethyl sulphoxide (DMSO), monoethanolamine (MEA) and tetra-methyl ammonium hydroxide (TMAH), which are recognized as slow-biodegradable organic compounds containing nitrogen and can release significant amount of ammonia during biodegradation. Moreover, many studies have reported that certain organic compounds can potentially inhibit nitrification of AOB, but limited information is available regarding the effects of TFT-LCD wastewater compounds on nitrification performance and microbial ecology of nitrifying bacteria. In general, the aerobic MBR achieved satisfactory conversion efficiency for DMSO, MEA, TMAH, and ammonia, except that a sudden inhibition on MEA degradation was observed for a transition period when the influent feed switched from synthetic to real TFT-LCD wastewater. Furthermore, the terminal restriction fragment length polymorphism (T-RFLP) methodology was applied to monitor the microbial ecology of nitrifying bacteria in the aerobic MBR. The results suggested that Nm. marina or Nm. cummunis were the dominant AOB population in the aerobic MBR fed with synthetic TFT-LCD wastewater, while Nitrosospira became dominant in the aerobic MBR fed with real TFT-LCD wastewater.
INTRODUCTION
The thin-film transistor liquid crystal display (TFT-LCD) has been a fast-growing high-technology industry in Taiwan. During the manufacturing processes, significant amounts of high-strength organic nitrogen-containing wastewaters are generated. The main components containing nitrogen in TFT-LCD wastewater are monoethanolamine (MEA, C 2 H 5 ONH 2 ) and tetra-methyl ammonium hydroxide (TMAH, (CH 3 ) 4 NOH). These compounds are recognized as slow-biodegradable organic compounds and little information is available regarding their biological treatability. During degradation of these nitrogen-containing compounds, ammonia can be released, resulting in an increase of ammonia concentration in treated wastewater and a potential nitrification (Chen et al. 2003) . As shown in Figures 1 and 2 , ammonia is released during degradation of TMAH and MEA (Anthony 1982; Ndegwa et al. 2004) . doi: 10.2166/wst.2008.580 Nitrogen removal from wastewater is of extremely important to protection of water resources from pollution discharges, as release of untreated wastewater can result in devastating eutrophication. Nitrification, considered as an efficient nitrogen control strategy for wastewater treatment, is a series of microbial oxidation processes performed by two different bacterial groups involving ammonia-oxidizing bacteria (AOB) that is responsible for the oxidization of ammonia to nitrite and nitrite-oxidizing bacteria (NOB) that converts nitrite to nitrate. Although activated sludge is a common biological process for full-scale wastewater treatment, nitrification failure has been frequently observed, since nitrifiers can be inhibited by a wide variety of chemical inhibitors (Prosser 1989) .
The goal of this study is to evaluate nitrification performance and dominant AOB populations in an aerobic MBR treating TFT-LCD wastewater. Recent development on molecular tools including sequence analysis of the 16S ribosomal DNA and functional gene amoA (the active site of ammonia monooxygenase gene) genes has been widely applied to reveal AOB communities and populations in natural and engineered systems. The amoA has been demonstrated to be a superior gene marker of AOB for its high specificity and better resolution during phylogenic analysis (Rotthauwe et al. 1997) . In this study, terminal restriction fragment length polymorphism (T-RFLP) of functional gene amoA was applied. Finally, insightful evaluation of the effects of TFT-LCD wastewater components on nitrification kinetics was discussed.
MATERIALS AND METHODS

Membrane bioreactor
A lab-scale submerged membrane bioreactor (MBR) as shown in Figure 3 (1 mg/L), Na 2 MoO 4 (1 mg/L) and CuCl 2 (1 mg/L) (Lai & Shieh 1996) . The batch test was carried out at room temperature about 27^38C. Samples were taken frequently for measurements of MEA, TMAH, DMSO, and nitrogen compounds.
Analytical Methods
COD, TKN, NH
þ 4 -N, pH, SS, VSS were analyzed following the Standard Methods (APHA 1995). MEA and TMAH were measured by ionic chromatography (Dionex DX-120). DMSO was determined by gas chromatography (Shimadzu GC-14B).
Total organic carbon was analyzed by high-temperature combustion method (O-I Analytical Liquid 1020A).
Genomic DNA extraction, PCR amplification and TRFLP analysis A modification of the sodium dodecyl sulfate (SDS)-based extraction method was used to extract genomic DNA from activated sludge samples (Miller et al. 1999) . Primers amoA-1F and amoA-2R were used to amplify a 491-bp fragment of the amoA gene, according to the protocol described by Park & Noguera (2004) . For TRFLP, amoA-1F and amoA-2R 
RESULTS AND DISCUSSION MBR performance and nitrifying bacteria community
The nitrification performance of the aerobic MBR is summarized in Table 2 . In spite of a high influent ammonia 
Eff. Org-N Conc mg N/L 10^5 9 6 9 3 135^59 63^66 13^6
Eff.NH 
CONCLUSION
Performance and microbial ecology of nitrifying community during biological treatment of the TFT-LCD wastewater containing MEA, TMAH, and DMSO were studied using an aerobic MBR. In general, the aerobic MBR achieved satisfactory removal efficiency for DMSO, MEA, and TMAH, although a sudden inhibition on MEA degradation and nitrification was observed when the influent feed was switched from synthetic to real TFT-LCD wastewater.
Except for the transition period of switching feed from synthetic to real TFT-LCD wastewater, complete nitrification was achieved in the aerobic MBR. Nm. marina or Nm.
cummunis lineage were found to be dominant during the operation fed with synthetic TFT-LCD wastewater, while Nitrosospira-like AOB was responsible for an efficient ammonia conversion during the operation fed with real TFT-LCD wastewater. In batch experiments, MEA and TMAH at concentration higher than 250 and 50 mg/L, respectively, were found to present inhibitory effects on nitrification activity, while DMSO was not at concentrations up to 100 mg/L. 
